and terrain attributes to develop a depth-based function for estimation of SOC.
52
There are two reasons why we might expect spatial correlation between gamma 53 emissions from the soil and its SOC content in the wetter landscape of north-western
54
Europe. First, the well-established spatial correlation between gamma-ray attenuation 55 and soil moisture (Carroll, 1981) extends to SOC because the latter accumulates in 56 soils which are wet or waterlogged for much of the year. Water reduces the intensity 57 of gamma-rays significantly more than air; a 10% increase in soil water leads to a 58 reduction in K gamma radiation by the same amount (Minty, 1979) . Second, for soil
59
with a wide range of SOC contents, the mineral content (and gamma emission) will be 60 smaller where organic matter contents are larger for soils derived from the same parent Wales (Scottish Executive, 2007) , so this approach warrants further investigation.
66
There have been relatively few regional-scale, airborne radiometric surveys of 67 landscapes in which SOC contents represent significant terrestrial carbon stores -such 68 surveys have been undertaken in Finland (Lilja & Nevalainen, 2005) comes from a shallow surface layer of no more than about 30 cm in rock, although this 98 will increase for low-density unconsolidated materials, perhaps to a maximum of a few 99 metres in dry peat. The ground area or footprint, from which most of the contribution 100 of gamma radiation comes, has the form of an ellipse elongated in the flight direction.
101
For example, at 56 m altitude, 75% of the measured radiation will come from a width 102 of about 150 m, extending to around 220 m along the flight line (Pitkin & Duval, 1980 
106
Procedures for processing the airborne radiometric data were based on those described 107 in AGSO and IAEA reference manuals (Grasty & Minty, 1995; IAEA, 1991 anomalous and so we feel justified in assuming that the soil moisture regime over the 173 period of the airborne survey was representative of its long-term variation.
174
Spatial analysis: linear mixed models
175
A prediction set of 3000 observations was randomly extracted from the SOC data set 176 and the remaining observations were used as a validation set. We considered linear 177 mixed models of the form
where X is an n × p design matrix containing values of p auxiliary variables or fixed 179 effects, β is the length p vector containing the coefficients of the fixed effects and 
where h is the lag distance separating observation pairs, ν is a smoothing parameter, 
where N (h i ) is the number of observation pairs within the bin centred on lag h i and suggested that this relationship may be nonlinear and therefore the square of radio-245 metric K (K 2 ) was also included as a fixed effect.
246
We also explored the correlation of SOC with the two terrain parameters: altitude 247 and compound topographic index (CTI). First we transformed the SOC data to a for mineral, organo mineral and peat soils.
264
The largest peak in the organo mineral soils is for SOC less than 10 % but there is 265 a secondary peak greater than 50 %. Thus a substantial proportion of our observations 266 appear to be misclassified by the soil map. This is likely to be because the soil map The effectiveness of six different linear mixed models of SOC variation were compared.
275
The fixed effects for these models were: 
304
The MSEs between the observations and predictions at the validation sites are 305 shown in Table 3 and the MdSEs in 
360
This would require contemporaneous measurements of soil moisture content which we 361 do not have from the original survey.
362
There are likely to be limitations to the widespread application of airborne radio- the limit of detection is unlikely to be problematic.
387
One of the main applications of SOC maps is the estimation of carbon stocks.
388
Where soil carbon is concentrated in the upper horizons, radiometry may be partic- a The number of soil classes into which the prediction set is divided when fitting the linear mixed model.
